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Abstract 

Background: Ticks and tick-borne diseases (TBDs) undermine cattle fitness and productivity in the whole of 
sub-Saharan Africa, including Nigeria. The aim of this study was to document the composition of tick species, 
assessing the burden of infestation, in traditionally managed cattle in an area of central Nigeria where acaricides 
have not been used historically. 

Methods: The study was carried out in September 2010 in 9 villages belonging to three neighbouring local 
government areas in Plateau State, Nigeria. In each village all visible adult ticks were collected from at least 15 
cattle (mean number = 25). Collected ticks were preserved in 70% ethanol to be counted and morphologically 
identified to the species level. 

Results: A total of 501 1 ixodid ticks (1935 males and 3076 females) were collected from 228 cattle, comprising 14 
calves, 33 juveniles, and 181 adults. Three tick genera (i.e., Amblyomma, Hyalomma, and Rhipicephalus, including the 
Boophilus sub-genus) and 1 1 species were identified. The most prevalent species was Rhipicephalus {Boophilus) 
decoloratus (41.4%), followed by Rhipicephalus (Boophilus) annulatus (15.4%), Rhipicephalus guilhoni (12.0%), 
Rhipicephalus (Boophilus) geigyi (7.6%), Hyalomma truncatum (7.4%), Amblyomma variegatum (6.3%), Rhipicephalus 
simus Group (4.0%), Rhipicephalus turanicus (1.2%), Rhipicephalus sanguineus (0.3%), Hyalomma rufipes (0.2%), and 
Rhipicephalus lunulatus (n = 1). Mean tick loads recorded were relatively high (22 ± 1.4), in spite of the practice of 
hand removal of ticks traditionally undertaken by the Fulani pastoralists in the area. Calves bore a significantly lower 
tick burden than adults (p = 0.004). Rhipicephalus (Boophilus) microplus was not found in the area, suggesting that 
the eastbound expansion of this tick species in West Africa, has not yet reached central Nigeria. 

Conclusions: This study ascertained the presence of a broad variety of cattle tick species, most of which are of 
veterinary importance. The presence of each tick species is correlated with the potential occurrence of tick-borne 
pathogens and suggestions for tick control in the area are considered. Results should assist the diagnosis of related 
TBDs in cattle as well as the strategic planning of cost-effective tick control. 
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Background 

Ticks are ranked as the most economically important 
ectoparasites of livestock in the tropics, including sub- 
Saharan Africa (SSA) [1]. Their veterinary importance is 
related to their blood-feeding, from which both their 
direct and indirect pathogenicity originates [2]. In cattle, 
tick infestation alone can cause anaemia, stress, reduc- 
tion in weight gain and milk yields, depreciation of 
hide value, hypersensitivity and toxicosis, leading also to 
secondary infections [2]. In addition, some tick species 
can act as vectors of pathogens causing a number of 
tick-borne diseases (TBDs), a serious impairment to cattle 
health and productivity in SSA [3]. 

In Nigeria, 90% of the cattle population is kept under 
the traditional pastoral husbandry of Fulani herders; 
mostly concentrated in the central-northern part of the 
country [4]. Under the Fulanis' management, cattle are 
extensively grazed in pastures and forest, and exposed to 
infestation by the three tick genera present in Nigeria 
(i.e., Amblyomma, Hyalomma, and Rhipicephalus spp., 
sub-genus Boophilus spp. included) [4-7]; genera are 
known vectors of the causative agents of the most import- 
ant bovine TBDs in West Africa: anaplasmosis, babesiosis, 
ehrlichiosis (cowdriosis) [8]. Usually low in the dry season, 
tick loads on cattle tend to increase after the first scattered 
rains, reaching the highest abundance one month after the 
heavy rains (i.e., from July to September), when all tick 
species are expected to be present [7,9-11]. The associated 
tick-borne infections are endemic in the indigenous (Bos 
indicus) cattle population [8,12], and are responsible for 
chronic rather than acute disease symptoms. Neverthe- 
less, TBDs may become clinically apparent in particular 
circumstances of malnutrition or debilitation by a concur- 
rent disease (e.g., trypanosomiasis) [4,10], or during the 
wet season, in the presence of a high tick challenge [7]. 
Furthermore, TBDs also represent a major limitation to 
the improvement of cattle production given the high 
morbidity and mortality rates they can cause in more 
productive, but susceptible, exotic (Bos taurus) cattle 
breeds, when introduced for crossbreeding purposes [13]. 

Ticks on cattle are perceived as a hazard by the Fulani 
pastoralists, who traditionally control them by manual 
removal three times a week during the wet season (i.e., 
April to October) and twice a week during the dry 
season (i.e., November to March) [6,10]. Neither dip 
tanks nor acaricides have ever been used in this part of 
the country [10]. 

Knowledge of tick distribution is an essential pre- 
requisite for devising any effective control of these 
arthropods and the infections they transmit [14]. Existing 
information on tick infestation of cattle in Nigeria is rather 
out-dated [5,7,9,15,16], mostly derived from studies 
carried out in the south of the country [5,15]. The only 
work published to date on central Nigeria focused on the 



seasonal dynamics of Amblyomma variegatum, without 
identifying the other specimens retrieved any further than 
the genus level [7]. West African cattle are currently 
threatened by the expansion of the harmful and invasive 
tick species, Rhipicephalus (Boophilus) microplus, seem- 
ingly imported from Brazil and found so far only in the 
Ivory Coast and Benin [17]. Ascertaining the distribution 
of Rh. (Bo.) microplus in this area is important, as this 
species is the vector of the bovine pathogen Babesia bovis 
[18], and is also resistant to acaricides [19]. 

The aim of the present work was to document the tick 
species infesting cattle in central Nigeria, assessing the 
infestation rate of surveyed animals, at a time of the year 
(i.e., wet season) when the tick load on the host is known 
to be most abundant [7]. 

Methods 

Study area 

The study was carried out in the second half of September 
2010 in 9 villages belonging to three neighbouring local 
government areas (LGAs), namely Bokkos, Mangu, and 
Pankshin, in the central part of Plateau State, Nigeria 
(Figure 1). The study area covered 142 km 2 , ranging 
between latitude 9°14' and 9°59' N and longitude 8°79' 
and 9°38' E at an average altitude of 1280 m. All villages 
are in the sub-humid region of Nigeria, with the dry 
season generally extending from November to April, and 
the wet season from April-May to October. The rainfall 
pattern is mono-modal, with most (-80%) of the rains 
occurring between June and September. Annual rainfall 
is -1400 mm and the daily mean temperature ranges 
between 18 and 22°C [20]. 

All cattle reared in the area are of autochthonous 
(B. indicus) genotype, with the vast majority (-80%) be- 
longing to the White Fulani breed, and with a small num- 
ber of either Bunaji or White Fulani x Bunaji crossbreeds. 
Cattle are grazed on communal pastures year-round 
according to the traditional Fulani herding system. Other 
livestock species raised in the area include sheep, goats, 
poultry, and dogs. No chemical acaricides are used under 
the Fulani farming system. 

Tick sampling and identification 

In each village, all visible adult ticks were collected from 
at least 15 randomly selected cattle varying in age and 
sex, all belonging to the indigenous (B. indicus) White 
Fulani breed. Tick collection was performed using blunt 
steel forceps, by thorough examination of the entire 
body surface of the animals. Ticks from each animal 
were stored separately in vials containing 70% ethanol, 
labelled with information on the host (i.e., sample 
number, age), village, and date of sampling. Age of the 
animals was estimated on the basis of the dentition score 
method developed for zebu cattle under a low plane of 
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nutrition [21] and on information provided by their 
owners. Once quantified, each animals age was recorded 
either as calf (0-6 months), 'juvenile' (6-24 months), or 
adult' (older than 24 months). Once in the laboratory, 
all collected ticks were counted and identified to the 
genus and species level using a stereomicroscope (up to 
lOOx magnification) and following the morphological 
keys in Walker et al [22]. For those belonging to the 
genus Rhipicephalus, keys by Walker et al [23] were 
also used. 



Statistical analysis 

Statistical analysis was performed using R software 
(http://www.r-project.org). Prevalence of each tick spe- 
cies was calculated with the exact binomial 95% con- 
fidence interval using the reciprocal of the sample size, 
with the survey' package in R. Confidence intervals 
were calculated by the use of the svymean() function 
and adjusted with the svycipropO function. Mean tick 
counts and their standard error (± SE) were calculated 
for each village, age group, and tick species. Cumulative 
counts were statistically compared according to age 
groups of cattle using the Kruskal-Wallis test. Post 
hoc analysis was then performed using the Holm P 
value adjustment method in a pairwise Wilcoxon rank 
sum test. P values <0.05 were considered statistically 
significant. 

The study was carried out with the full approval 
of cattle keepers and the federal government body, 
the Nigerian Institute for Trypanosomiasis Research 
(NITR). The University of Edinburgh is a charitable 
body, registered in Scotland, with registration number 
SC005336. 



Results 

A total of 228 cattle were checked for tick infestation in 
9 villages (average = 25 animals /village). The population 
sampled consisted of 14 calves, 33 juveniles, and 181 
adults. All animals were infested with adult ticks. A total 
of 5011 adult ixodid ticks (1935 males, 3076 females) 
were collected (Table 1). Mean tick counts recorded per 
village were relatively high (i.e., 22 ± 1.4), ranging from 7.6 
(±1.5) in Ampang West to 46.5 (±7.91) in Mangar 
(Table 1). Three tick genera (i.e., Amblyomma, Hyalom- 
ma, Rhipicephalus including Boophilus sub-genus) and 11 
species were identified. Rhipicephalus {Boophilus) deco- 
lor atus (Koch, 1844) was the most prevalent species 
(41.4%), followed by Rhipicephalus (Boophilus) annulatus 
(Say, 1821) (15.4%); Rhipicephalus guilhoni Morel & 
Vassiliades, 1963 (12.0%); Rhipicephalus (Boophilus) geigyi 



Table 1 Cumulative tick counts, mean tick loads ± 
standard error (SE) according to the villages sampled 



Village name 


No. of 
cattle 
sampled 


Total 
cattle 
population 


No. of 
ticks 
collected 


Mean tick 

count/ 
animal ± SE 


Ruff 


15 


154 


322 


21.5 ±3.65 


Mangar 


15 


1373 


697 


46.5 ±7.91 


Tambes 


16 


854 


301 


18.8 ±4.4 


Daffo 


21 


2933 


686 


32.7 ±5.6 


Ampang West 


22 


790 


168 


7.6 ± 1 .5 


Hurti 


23 


1011 


594 


25.8 ±4.3 


Badni 


27 


383 


851 


31.5 ±3.3 


Bokkos 


36 


2142 


608 


16.9 ±2.1 


Maiyanga 


53 


2543 


784 


14.8 ±2.4 


Total 


228 


12183 


5,011 


22 ±1.4 
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(Aeschliman & Morel, 1965) (7.6%); Hyalomma truncatum 
Koch, 1844 (7.4%); Amblyomma variegatum (Fabricius, 
1794) (6.3%); Rhipicephalus simus Group Koch, 1844 
(4.0%); Rhipicephalus turanicus Pomerantsev, 1936 (1.2%); 
Rhipicephalus sanguineus (Latreille, 1806) (0.3%); Hyalom- 
ma rufipes Koch, 1844 (0.2%). Only one male specimen of 
Rhipicephalus lunulatus Neumann, 1907 was retrieved. 
4.1% of adult specimens were identified as Rhipicephalus 
(Boophilus) spp. but damaged mouthparts prevented identi- 
fication any further than the sub-genus level (Table 2). Rh. 
(Bo.) microplus (Canestrini, 1888) was not found in the 
study area. All three boophilids, H. truncatum, and A. 
variegatum were retrieved in all nine villages. Male speci- 
mens outnumbered females for most species except for the 
boophilids and Rh. sanguineus (Table 2). A rather high 
individual variation was seen in terms of tick load, depen- 
ding on the age and size of the animals. Calves were found 



Table 2 Cumulative counts, prevalence, number of males 
and females, and male: female ratio of ticks identified 

Tick species Total Mean Males Females Male: 

prevalence% female 







fQ5% rnnfiHpnrp 

V -/ — / /U V.U 1 II IUCI i 






ratio 






interval) 








Rhipicephalus 


1890 


41.4 


473 


1417 


1 : 3 


{Boophilus) 
decolorotus 




(36.5-46.3) 








Rhipicephalus 


819 


15.4 


189 


630 


1 : 3.3 


(Boophilus) 
annulatus 




(11.9-19.0) 








Rhipicephalus 


434 


12.0 


302 


132 


2.3 : 1 


guilhoni 




(7.2-16.8) 








Rhipicephalus 


306 


7.6 


45 


261 


1 : 5.8 


(Boophilus) 
geigyi 




(6.1-9.1) 








Hyalomma 


681 


7.4 


469 


212 


2.2 : 1 


truncatum 




(5.8-9.0) 








Amblyomma 


361 


6.3 


245 


116 


2.1 : 1 


variegatum 




(4.5-8.1) 








Rhipicephalus 


205 


4.1 


12 


193 


1 : 16 


(Boophilus) spp. 




(2.9-5.4) 








Rhipicephalus 


239 


4.0 


155 


84 


1.8 : 1 


simus Group 




(2.5-5.5) 








Rhipicephalus 


39 


1.2 


22 


17 


1.3 : 1 


turanicus 




(0.5-2.0) 








Rhipicephalus 


10 


0.3 


4 


6 


1 : 1.5 


sanguineus 




(0.03-1.0) 








Hyalomma 


26 


0.2 


18 


8 


2.2 : 1 


rufipes 




(0.1-0.4) 








Rhipicephalus 


1 


<0.1 


1 




1 : 0 


lunulatus 




(0.0-0.0) 









to be significantly less infested than adults (p = 0.004), 
whereas no statistically significant difference was found 
comparing adults with juveniles (p = 0.2). Although not 
statistically significant (p = 0.2), the average proportion of 
ticks infesting juveniles was higher than the mean loads on 
calves (Table 3). 

The broadest diversity of tick species was encountered 
in adults, followed by juveniles, and calves. Boophilids, 
H. truncatum, and A. variegatum were more abundant 
in adults compared to juveniles and, more markedly, 
than calves (Table 4). 

Discussion 

The distribution of ticks within a specific habitat de- 
pends on several environmental and climatic factors 
such as annual rainfall, atmospheric temperature and 
relative humidity (RH), vegetation cover, altitude and 
host availability [24]. This study was carried out in the 
late wet season, when RH as well as the vegetation 
coverage, and therefore the abundance of adult ticks on 
cattle, are expected to be at their peak in central Nigeria 
[7,9,10]. This study aimed to assess the species diversity 
of ticks infesting cattle and their burdens; we only 
focused on the adult stages of these arthropods. Because 
of their small size, a large number of immature ticks can 
indeed be easily overlooked during field collection, 
resulting in a biased estimate of counts. Therefore, 
counts of adults can be taken as representative of the 
total infestation of all instars over the year, especially for 
three-host tick species, whose immature instars feed for 
short periods (e.g., four days) on cattle as well as on 
other hosts (e.g., small ruminants, wildlife, birds) [25]. In 
addition, larvae and nymphs of most genera lack the 
neatly distinctive morphological features needed for 
identification to the species level. 

An average of 25 randomly selected cattle at each of the 
9 villages were examined (Table 1). The greater number of 
adults rather than younger animals sampled reflects the 
age composition of Fulani herds, with at least 60% of 
cattle being adult [10]. The study ascertained the presence 
of a rather broad variety of tick species infesting cattle in 
central Nigeria, belonging to three genera (i.e., Amblyom- 
ma, Hyalomma, Rhipicephalus spp.) included in the 
Family Ixodidae. Five out the 11 species identified (i.e., Rh. 
(Bo.) decoloratus, Rh. (Bo.) annulatus, Rh. (Bo.) geigyi, H. 



Table 3 Cumulative tick counts and mean tick loads ± SE 
of cattle according to age groups 



Age group 


Cumulative counts 


Mean tick load ± SE 


Calves (<6 months) 


142 


10.1 ±2.7 a 


Juveniles (6-24 months) 


595 


18.0 ±2.9 


Adults (>24 months) 


4274 


23.6 ± 1 .6 a 



Statistical significance between the two age groups. 
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Table 4 Cumulative counts and mean loads ± SE of tick species according to age groups of cattle 

Tick species Cumulative counts Mean tick load ± SE 





Calves 


Juveniles 


Adults 


Calves 


Juveniles 


Adults 


Rhipicephalus {Boophilus) decoloratus 


56 


197 


1637 


4.0 


±1.2 


6.0 


±1.7 


9.0 ± 0.9 


Rhipicephalus {Boophilus) onnulotus 


16 


104 


699 


1.1 


±0.5 


3.1 


±0.7 


3.9 ± 0.4 


Rhipicephalus guilhoni 


27 


54 


353 


1.9 


±1.3 


1.6 


±0.7 


1 .9 ± 0.6 


Rhipicephalus (Boophilus) geigyi 


7 


27 


272 


0.5 


±0.2 


0.8 


±0.2 


1 .5 ± 0.2 


Hyalomma truncatum 


15 


87 


579 


1.1 


±0.4 


2.6 


±0.8 


3.2 ± 0.4 


Amblyomma variegatum 


12 


42 


307 


0.9 


±0.4 


1.3 


±0.2 


1 .7 ± 0.2 


Rhipicephalus (Boophilus) spp. 


1 


32 


172 


0.1 


±0.1 


1.0 


±0.4 


0.9 ±0.1 


Rhipicephalus simus Group 


7 


33 


199 


0.5 


±0.4 


1.0 


±0.5 


1.1 ±0.2 


Rhipicephalus turanicus 


1 


10 


28 


0.1 


±0.1 


0.3 


±0.3 


0.1 ±0.1 


Rhipicephalus sanguineus 


0 


7 


3 




0 


0.2 


±0.2 


0.02 ±0.01 


Hyalomma rufipes 


0 


2 


24 




0 


0.1 : 


t0.04 


0.1 ±0.04 


Rhipicephalus lunulatus 


0 


0 


1 




0 




0 


0.01 ±0.01 



truncatum, and A. variegatum) were retrieved in all study 
villages. 

Rh. (Bo.) decoloratus was the most abundant species in 
the area, in accordance with previous work [5]. The 
Nigerian Jos Plateau seemingly provides an ideal environ- 
ment for Rh. (Bo.) decoloratus, preferring highlands and 
sub-highlands receiving more than 800 mm of rainfall 
annually [26]. The second most prevalent species in this 
study was Rh. (Bo.) annulatus, previously found to be the 
most common tick attacking cattle in eastern Nigeria [15]. 
In Africa, the distribution of this tick is restricted to the 
northern and western part of the continent [22]. South of 
the Sahara, Rh. (Bo.) annulatus is associated with lowland 
rainforest and secondary grassland, with a clear increase 
in the vegetation cover after July- August [27]. Both Rh. 
(Bo.) decoloratus and Rh. (Bo.) annulatus, transmit Babe- 
sia bigemina [18], Anaplasma marginale and Anaplasma 
centrale [28], known to be endemic in Nigeria [8]. Being 
boophilids, one-host ticks that entirely develop on cattle 
after the egg hatch, their population is expected to be 
relatively constant throughout the year in this setting [9], 
presenting a constant threat of bovine anaplasmosis and 
babesiosis. 

This study provides the first record of Rh. guilhoni in 
central Nigeria. Small numbers of adults of this tick were 
previously collected from the cattle during the rainy sea- 
son in the far north of Nigeria [16]. Here, Rh. guilhoni 
was retrieved in 8 out of 9 villages and was the third 
most prevalent tick species (Table 2). As members of the 
Rh. sanguineus Group, this species is characterised by a 
more dense interstitial punctuation in the conscutum 
and a female genital aperture of a more truncated V-shape 
than the progenitor of its taxonomical group [23]. It is 
usually found infesting cattle, sheep, and camels, in steppe 



and savanna climatic regions [23]; its considerable presence 
on the Jos Plateau highlights the importance of assessing its 
role in pathogen transmission, as yet unknown. 

This study also identified Rh. (Bo.) geigyi in central 
Nigeria. This species, only present in West Africa, is nor- 
mally found in the savanna and forest zones of southern 
Nigeria, where it is the most abundant boophilid in the 
early dry season [5]. As this tick requires higher mean 
temperatures than Rh. (Bo.) decoloratus and Rh. (Bo.) 
annulatus [27], it would be expected that the cooler 
conditions of the Plateau and, more in general, of the 
northern Guinea savanna woodland, would limit the 
expansion of its population into central- northern Nigeria. 
Although little studied in terms of pathogen transmission, 
Rh. (Bo.) geigyi could be of veterinary relevance in Nigeria, 
where it was proven to harbour piriform kinetes asso- 
ciated for shape and size with B. bovis, in both eggs and 
larvae that eventually infected splenectomised calves [29]. 

A number (n = 205) of boophilids were identified only 
as Rhipicephalus (Bo.) spp. due to partial rupture of their 
mouthparts, likely to have occurred at the time of collec- 
tion, considering the small size and the short rostrum of 
these ticks. In particular, these were mostly engorged 
female specimens (see Table 2), whose feeding state did 
not allow the objective assessment of morphological 
features (e.g., shape of genital aperture), other than the 
mouthparts. The rostrum of boophilids bears species- 
specific features, such as the teeth rows in the hypo- 
stome and palp articles [22]. Nevertheless, as all these 
specimens had either one or both palps bearing a pro- 
tuberance with or without an intact pectinate seta on 
article I, it was still possible to rule out the presence of 
Rh. (Bo.) microplus amongst them. The damage in their 
hypostome, though, did not allow the discrimination 
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between Rh. (Bo.) decolor atus and Rh. (Bo.) geigyi, thus 
limiting the definitive identification to the sub-genus 
level 

The high number (n = 681) of H. truncatum recorded, 
reflects the seasonality of this tick in Nigeria, where it is 
known to peak in the late wet season [7,9]. The veteri- 
nary importance of this species is related to its ability to 
cause a toxic syndrome (sweating sickness), especially in 
young cattle [30]. 

In a study carried out in the neighbouring state of 
Kaduna, central Nigeria, A. variegatum was the most 
prevalent species (>80% of all collected ticks) parasiti- 
zing cattle in September, followed by Rhipicephalus (Bo.) 
spp., and Hyalomma spp. [7]. The lower prevalence of 
A. variegatum (6.3%) recorded in the present study 
could be mainly attributed to the practice of hand- 
picking of ticks by the Fulanis, carried out up to three 
times a week during the wet season [6]. This control 
method mainly targets the most conspicuous Amblyomma 
adults, regarded as 'koti' (i.e., 'dangerous ticks' in Fulfulde 
language), by the local herdsmen, as opposed to the 
smaller Rhipicephalus and boophilid ticks that are 
consciously left attached, as they are believed to be mm 
(i.e., 'less harmful') [7]. This operation is carried out when 
the animals are standing, when a number of body areas 
(e.g., groin, hooves, etc.) of the cattle cannot be easily 
reached; H. truncatum adults, that preferentially localize 
in the inter-digital clefts and the tail switch [31,32], are 
frequently overlooked (see Figure 2). In addition, although 
it keeps the animal to some extent free from 'tick worry! 
hand removal of ticks may not prevent transmission of 
tick-borne infections when not performed on a daily basis, 
as the transmission of pathogens may occur two days after 



the attachment of these arthropods to their hosts [33]. 
Due to their long mouthparts, A. variegatum, as well as 
Hyalomma ticks, can inflict serious cutaneous damage to 
cattle. Importantly, due to their preferential attachment to 
the udder and teats of cattle [31,34-37], infestation by both 
these tick genera may seriously hinder the suckling of 
calves. A. variegatum is of veterinary importance as it 
transmits Ehrlichia (Cowdria) ruminantium [38], causa- 
tive agent of heartwater and Dermatophilus congolensis, 
causing dermatophilosis [39], both known to be endemic 
in Nigeria. A. variegatum is also a vector of the mildly 
pathogenic, Theileria mutans [40,41] and Theileria velifera 
[42] both highly prevalent in Nigeria. 

The paucity (n = 26) of adult H. rufipes collected in 
this study could indicate a small population of this 
species, known to be widely distributed in the most arid 
parts of tropical Africa [43]. Adults of H. rufipes are 
usually more numerous in the early part (i.e., June-July 
in Nigeria) than towards the end of the rainy season 
[44]. It is also possible that the altitude of the Jos Plateau 
might have acted as a further limiting factor to the esta- 
blishment of an H. rufipes population. Considering that 
both larvae and nymphs of this two-host tick parasitize 
ground-feeding birds [45], it is likely that the adult spec- 
imens came from the moult of engorged nymphs 
brought to the study area by birds living in close contact 
with the herds (e.g., cattle egrets, oxpeckers, guinea 
fowls, etc.). Interestingly, no H. rufipes ticks were 
collected from calves (Table 4), suggesting that open 
pastures, grazed mainly by adult cattle, represent the 
most likely interface between cattle and these birds. 
Although scanty, the presence of this tick species is still 
of veterinary importance as it is known to transmit A. 
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marginale [46], Theileria annulata [47], and Babesia 
occultans [48] to cattle. A relatively high number (n = 239) 
of adult Rh. simus Group ticks were collected from cattle 
of all age groups. Of the three taxa currently ascribed to 
the 'simus Group! only Rhipicephalus muhsamae Morel & 
Vassiliades (1965) was expected to be present in West 
Africa. However, in addition to the Group-specific punc- 
tuation pattern visible on the males' conscutum, a number 
of morphological features (e.g., female genital aperture 
and shape of adanal plates) of the specimens collected in 
this study appeared closely related to the East African 
taxon Rhipicephalus praetextatus Gerstacker, 1873. It was 
assumed these were the same specimens retrieved in the 
1950s from several localities in central and northern 
Nigeria, identified as Rhipicephalus simus simus [49]. 
Usually found in regions with a savanna climate, the distri- 
bution of Rh. simus (or Rh. simus simus) is believed to be 
restricted to southern Africa [26], where the adults pre- 
ferentially parasitize cattle, never reaching high loads [50] . 
As Rh. simus is a vector of A. centrale [51] and A. 
marginale [52] usually found in southern Africa, finding 
these specimens in Nigeria may be of epidemiological 
importance. 

Other Rhipicephalus species collected include Rh. san- 
guineus, Rh. turanicus, and Rh. lunulatus. Rh. sanguineus 
in cattle has previously been recorded elsewhere [23,53] 
including Nigeria [15,54,55] and can be related to the 
presence of dogs, roaming freely within the boundaries of 
the villages where sampling took place, and in the vicinity 
of the cattle herds. This cosmopolitan three-host tick 
species is always associated with dogs, its preferential host, 
and the human-made dwellings where they live [56]. Rh. 
turanicus is usually more adapted to sheep and goats 
rather than cattle [57], and this might explain the small 
number (n = 39) of specimens collected in our study. Both 
Rh. sanguineus and Rh. turanicus are not known to trans- 
mit any pathogens to cattle [58]. Interestingly, only one 
male specimen of Rh. lunulatus was identified; this species 
has very distinctive morphological features (e.g., adanal 
plates' shape in males; very broad U-shaped genital aper- 
ture in females) [59] compared to the other Rhipicephalus 
spp. ticks found in this survey. Adults of this three-host 
tick were previously reported in cattle in northern Nigeria, 
where they were found only during the first half of the wet 
season [16,49]. Rh. lunulatus is not regarded as a hazar- 
dous tick for cattle, although it was associated with a 
toxicosis causing paralysis in calves in Zimbabwe [60]. 

Rh. (Bo.) microplus was not found in the study area. 
We therefore assume that the eastbound expansion in 
West Africa of this invasive tick species, found first in 
2007 in the Ivory Coast, and then in Benin [17], has not 
yet reached central Nigeria. This is of great epidemio- 
logical interest, as this tick species primarily parasitizing 
cattle, is known for being the competent vector of the 



highly pathogenic B. bovis [18]. Furthermore, the absence 
of Rh. (Bo.) microplus is also of interest in terms of tick 
control management, as this species is known to be 
highly resistant to several pyrethroid and organophos- 
pate compounds [19]. 

Males constituted the majority of specimens collected 
for most species (i.e., Amblyomma, Hyalomma, and 
Rhipicephalus spp.), with the exception of Rh. sanguineus 
and Boophilus spp. (Table 2). The male:female ratios 
recorded for most ticks coincide with data from previous 
work, with special reference to Rh. (Bo.) [25,61-64], A. 
variegatum [37,61,62,64], H. rufipes [62], but not for Rh. 
sanguineus [65]. With reference to A. variegatum the 
higher proportion of males rather than females collected 
is attributable to the biology of this tick species, known 
for localizing in preferential body areas (e.g., armpit, groin, 
udder, scrotum), forming typical clusters including a few 
females clasped by several males [31,32]. This is due to 
the release of aggregation-attachment pheromones (AAP) 
produced only by A. variegatum males, attracting unfed 
males and females [66] resulting in a concentration of 
more males than females on the attachment sites. The 
greater number of males than females collected for 
Rhipicephalus spp. is probably due to the fact that fully 
engorged female ticks are more easily groomed by the ani- 
mals [67] and also drop to the ground earlier to lay eggs, 
while males tend to remain on the host for longer periods, 
feeding and mating several times before dropping-off [65] . 
This biological feature has been well documented for Rh. 
sanguineus [67], although in this study more females than 
males were collected, with a very low cumulative count 
(n = 10). The higher number of female rather than male 
boophilids collected is consistent with other studies [62] 
and likely reflects the relative difficulty in collecting the 
smaller males from hosts. 

Here, the overall mean tick load recorded (i.e., 22 ± 1.4) 
was considered to be relatively high in the light of the 
hand-picking practice described above, which most likely 
reduced the actual number of adult ticks on the cattle 
sampled. It is also possible that the transhumance of 
weaned cattle according to the traditional Fulani herding 
might play a role in containing tick burdens as grazing 
areas are naturally spelled. Nevertheless, all the most haz- 
ardous tick species were recorded, although with different 
abundances (see Table 4), in all age groups in all study 
villages, with potentially large implications in terms of 
pathogen transmission. 

In particular, this study revealed a pronounced effect 
of host age and size on the number of infesting adult 
ticks, especially when comparing calves (< 6 months) with 
adult cattle (>24 months of age) (Table 3). Although with 
no statistical significance, the mean tick loads of calves 
were also found at a lower proportion than those of juve- 
nile cattle (6-24 months old), which bore lower burdens 
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than the adults (Table 3). This finding is of interest 
considering that a significant amount of calving in the 
Fulani herds takes place in the early wet season (April- 
May) [10] and therefore, the calves sampled in this study 
have likely lived through the entire rainy season, in the 
presence of a high tick challenge. The significantly lower 
tick loads observed in calves as opposed to adults corro- 
borates similar work carried out on indigenous cattle in 
SSA [68,69] including Nigeria [15,70]. The lower tick 
burdens recorded in calves could be indeed due to a com- 
bination of factors, including some form of innate immu- 
nity of indigenous cattle that decreases with age [71], the 
persistent grooming of calves by their respective dams 
[72], and the smaller body surface of younger animals 
compared to adults [73]. It could be argued, that animals 
with larger surface areas would possibly allow more 
contact opportunities for the ticks to attach themselves. 
This is also predicted by body size principle, according to 
which, the smaller the animal the fewer parasites (i.e., 
engorging ticks) it can afford to accumulate per unit of 
body surface because of the greater body surface to mass 
ratio [73]. Moreover, the lower tick burden recorded in 
young animals could also be due to the Fulanis practice of 
maintaining calves tethered together close to the home- 
steads, separated from the adult cattle. They therefore 
spend limited time grazing in the open grasslands with 
their dams, being possibly less exposed to the higher para- 
site burdens found on the pastures, driven by the higher 
host density. 

Conclusions 

This study provides new information on tick populations 
in Nigeria and, more globally, in West Africa. The finding 
of Rk (Bo.) decolor atus, Rk (Bo.) annulatus, A. varie- 
gatum, and H. truncatum in all study villages is of great 
veterinary importance as these species are involved in the 
transmission of anaplasmosis, babesiosis by B. bigemina 
(Boophilus spp.); cowdriosis and dermatophilosis (A. varie- 
gatum) and sweating sickness (H. truncatum) [3]. Further 
studies are necessary to assess the occurrence of related 
TBDs in the Plateau State and would also help address the 
possible introduction of exotic breeds into the area. 

Rk (Bo.) microplus was not found in the present study, 
suggesting that this invasive and hazardous tick is not 
yet established in central Nigeria. Constant monitoring 
would, however, be advisable, as the Nigerian Jos Plateau 
provides favourable climatic and environmental condi- 
tions for the establishment of this tick species [27]. 

All animals sampled in this study were found infested 
with relatively high tick burdens. In order to be effec- 
tively implemented in the Jos Plateau, any strategic tick 
control should take into account the traditional farming 
system of the Fulani pastoralists. This could be achieved 
by combining the long-employed practice of manual 



removal of ticks with conventional control methods (i.e., 
acaricides) during the wet season when tick loads peak. 
In particular, in the light of inefficiency of the hand- 
picking method and that most of the calving takes place 
at the end of the dry season [10], the implementation of 
minimal or threshold tick control for adult female cattle, 
based on the application of spray or pour-on acaricides 
to the udder region, might help prevent the topical 
attachment of A. variegatum and Hyalomma ticks, 
thereby improving milk yields [25]. Importantly, such a 
strategy would also preserve the endemic stability of the 
indigenous cattle herds in the area with regards to 
bovine TBDs [74]. Furthermore, while the indigenous 
White Fulani cattle are better able to bear these tick 
burdens, it is likely that exotic (B. taurus) or cross 
(B. indicus x B. taurus) breeds, if introduced in this area, 
unless subjected to intensive acaricide treatment, will 
become heavily infested with ticks and exposed to TBDs. 

Consent 

The photograph was taken with the consent of the 
individuals portrayed and their families, as well as the 
community chief in the village of Maiyanga, Bokkos 
local government area. 

Competing interests 

The authors declare they have no competing interests and the sponsors had 
no role in the study design, data collection and analysis, decision to publish, 
or preparation of the manuscript. 



Authors' contributions 

VL, KP, AM, Al, and SCW conceived of the study and participated in its 
design. AM coordinated the field activities. VL, GB, and CD carried out the 
tick collection. VL took care of tick identification. VL and BMCB carried out 
the statistical analysis. VL, KP, BMCB, and SW wrote the paper. All authors 
read and approved the final manuscript. 



Acknowledgements 

This study was funded by the UK's Biotechnology and Biological Sciences 
Research Council (BBSRC) under the 'Combating Infectious Diseases in 
Livestock for International Development' (CIDLID) scheme, and the European 
Union's Seventh Framework Program (FP7/2007-2013) under grant 
agreement n° 221948, Integrated Control of Neglected Zoonoses (ICONZ). 
Authors wish to thank Dr Abraham Goni Dogo (Parasitology Division, 
Nigerian Veterinary Research Institute) for helping with tick collection; Dr 
Alan Walker for the assistance with tick identification; Prof Lorenza Beati 
(Georgia Southern University, USA) for her valuable suggestions; Albert 
Mugenyi (The University of Edinburgh) for helping with map design; Stella 
Mazeri (Roslin Institute, Edinburgh, UK) for assisting with the use of R, and all 
Fulani herders and village heads for their cooperation. 

Author details 

1 Division of Pathway Medicine, Edinburgh University Medical School, The 
Chancellor's Building, 49 Little France Crescent, Edinburgh EH16 4SB, UK. 
2 The Roslin Institute and Royal (Dick) School of Veterinary Studies, Easter 
Bush, Midlothian EH25 9RG, UK. 3 Nigerian Institute for Trypanosomiasis 
Research, PMB 03, Vom, Jos, Plateau State, Nigeria. 

Received: 25 March 2013 Accepted: 28 May 2013 
Published: 7 June 2013 



Lorusso et al. Parasites & Vectors 201 3, 6:1 71 
http://www.parasitesandvectors.eom/content/6/1/171 



Page 9 of 10 



References 

1. Uilenberg G: International collaborative research: significance of tick- 
borne hemoparasitic diseases to world animal health. Vet Porositol 1995, 

57:19-41. 

2. Jongejan F, Uilenberg G: The Global importance of ticks. Parasitology 2004, 
29(Supp):S13-S14. 

3. Young AS, Groocock CM, Kariuki DP: Integrated control of ticks and 
tick-borne diseases of cattle in Africa. Parasitology 1988, 96:403-432. 

4. Awogbade MO: Fulani pastoralism and the problems of the Nigerian 
veterinary service. Afr Aff 1 979, 78:493-506. 

5. Dipeolu 00: The incidence of ticks of Boophilus species on cattle, sheep 
and goats in Nigeria. Trop Anim Health Prod 1975, 7:35-39. 

6. Pullan NB: Productivity of White Fulani cattle on the Jos Plateau, Nigeria. III. 
Disease and management factors. Trop Anim Health Prod 1980, 12:77-84. 

7. Bayer W, Maina JA: Seasonal pattern of tick load in Bunaji cattle in the 
subhumid zone of Nigeria. Vet Parasitol 1984, 15:301-307. 

8. Leeflang P, llemobade A: Tick-borne diseases of domestic animals in 
Northern Nigeria. Trop Anim Health Prod 1977, 9:21 1-218. 

9. Iwuala MOE, Okpala I: Studies on the ectoparasitic fauna of Nigerian 
livestock II: seasonal infestation rates. Bull Anim Health Prod Afr 1978, 
16:351-358. 

10. Maina JA: Animal health in subumid Nigeria. In Livestock systems research 
in Nigeria's sub- humid zone - Proceedings of the second ILCA/NAPRI 
symposium held in Kaduna, Nigeria; 1 986. 

1 1 . Pukuma SM, James-Rugu NN, Sale M: A study on tick borne infections of 
cattle in Yola locality of Adamawa State. AJAR 201 1, 6:6208-621 1. 

12. Obi TU: Survey of the incidence of anaplasmosis among Nigerian Zebu 
trade cattle. Trop Anim Health Prod 1978, 10:87-90. 

13. Ajayi SA, Fabi JP, Umo I: Clinical bovine anaplasmosis and babesiosis in 
Fresian cattle: an outbreak in Nigeria and its control. Wld Anim Rev 1982, 
43:41. 

14. de Castro JJ: Sustainable tick and tickborne disease control in livestock 
improvement in developing countries. Vet Parasitol 1997, 71:77-97. 

15. Iwuala MOE, Okpala I: Studies on the ectoparasitic fauna of Nigerian 
livestock I: types and distribution patterns on hosts. Bull Anim Health Prod 
/Afr 1 978, 16:339-349. 

16. Mohammed AN: The seasonal incidence of ixodid ticks of cattle in 
Northern Nigeria. Bull Anim Health Prod Afr 1977, 25:273-293. 

17. Madder M, Adehan S, De Deken R, Adehan R, Lokossou R: New foci of 
Rhipicephalus microplus in West Africa. Exp Appl Acarol 201 2, 56:385-390. 

18. Bock R, Jackson L, de Vos A, Jorgensen W: Babesiosis of cattle. Parasitology 
2004, 129(Suppl):S247-S269. 

19. Baffi MA, de Souza GR, de Sousa CS, Ceron CR, Bonetti AM: Esterase 
enzymes involved in pyrethroid and oranophosphate resistance in a 
Brazilian population of Rhipicephalus {Boophilus) microplus (Acari, 
Ixodidae). Mol Biochem Parasitol 2008, 160:70-73. 

20. Odumodu LO: Rainfall distribution, variability and probability in Plateau 
State, Nigeria. J Clim 1983, 3:385-393. 

21 . Kikule SB: Age changes in the teeth of Zebu cattle. East Afr J Rural Dev 
1953, 19:86-88. 

22. Walker AR, Bouattour A, Camicas JL, Estrada-Pena A, Horak IG, Latif A, 
Pegram RG, Preston PM: Ticks of domestic animals in Africa, A guide to 
identification of species. UK: Bioscience Reports; 2003. 

23. Walker JB, Keirans JE, Horak IG: Genus Rhipicephalus (Acari, Ixodidae). A guide to 
the brown ticks of the world. Cambridge: Cambridge University Press; 2000. 

24. Sonenshine DE: Biology of Ticks, Volume 2. New York, NY: Oxford University 
Press; 1993. 

25. Kaiser MN, Sutherst RW, Bourne AS: Relationship between ticks and Zebu 
cattle in southern Uganda. Trop Anim Health Prod 1982, 14:63-74. 

26. Pegram RG, Hoogstraal H, Wassef HY: Ticks (Acari: Ixodoidea) of Ethiopia. I. 
Distribution, ecology and host relationships of species infesting 
livestock. Bull Entomol Res 1981, 71:339-359. 

27. Estrada-Pena A, Bouattour A, Camicas J-L, Guglielmone A, Horak I, Jongejan F, 
Latif A, Pegram R, Walker AR: The known distribution and ecological 
preferences of the tick subgenus Boophilus (Acari : Ixodidae) in Africa and 
Latin America. Exp Appl Acarol 2006, 38:219-235. 

28. Aubry P, Geale DW: A review of bovine anaplasmosis. Transbound Emerg 
Dis 201 1,58:1-30. 

29. Akinboade OA, Dipeolu OO: Detection of Babesia bovis infections in 
Boophilus geigyi with egg crushings, larval smears, and haemolymph 
puncture. Vet Q 1981, 3:143-147. 



30. van Amstel SR, Reyers F, Oberem PT, Matthee O: Further studies of the 
clinical pathology of sweating sickness in cattle. Onderstepoort J Vet Res 
1987, 54:45-48. 

31. MacLeod J: Apparent host selection by some African tick species. 

Oecologia 1975, 19:350-370. 

32. Ndhlovu DN, Makaya PV, Penzhorn BL: Tick infestation, and udder and 
teat damage in selected cattle herds of Matabeleland South, Zimbabwe. 
Onderstepoort J Vet Res 2009, 76:235-248. 

33. Piesman J, Mather TN, Sinsky RJ, Spielman A: Duration of tick attachment 
and Borrelia burgdorferi transmission. J Clin Microbiol 1987, 25:557-558. 

34. Walker AR: Amblyomma tick feeding in relation to host health. Trop Anim 
Health Prod 1996, 28(Suppl 2):26S-28S. 

35. Mattioli RC, Janneh L, Corr N, Faye JA, Pandey VS, Verhulst A: Seasonal 
prevalence of ticks and tick-transmitted haemoparasites in traditionally 
managed N'Dama cattle with reference to strategic tick control in the 
Gambia. Med Vet Entomol 1997, 1 1:342-348. 

36. Bellew T, Mekonnen A: Distribution of Ixodid Ticks on Cattle in and 
around Holeta Town, Ethiopia. Global Vet 201 1, 7:527-531. 

37. Tadesse F, Abadfaji G, Girma S, Kumsa B, Jibat T: Identification of tick 
species and their preferred site on cattle's body in and around Mizan 
Teferi, Southwestern Ethiopia. JVMAH 2012, 4:1-5. 

38. Deem SL, Norval RAI, Yonow T, Peter TF, Mahan SM, Burridge MJ: The 
epidemiology of heartwater: establishment and maintenance of 
endemic stability. Parasitol Today 1996, 12:402-405. 

39. Koney EB, Morrow AN, Heron ID: The association between Amblyomma 
variegatum and dermatophilosis: epidemiology and immunology. 
Trop Anim Health Prod 1996, 28(Suppl 2):18S-25S. discussion 74S-86S. 

40. Uilenberg G, Robson J, Pederson V: Some experiments on the 
transmission of Theileria mutans and Theileria parva by the ticks 
Amblyomma variegatum and Rhipicephalus appendiculatus in Uganda. 
Tropenmed Parasitol 1974, 25:207-216. 

41. Saidu SN, Abdulkadir IA, Akerejola OO: Theileria mutans infection in 
Nigerian cattle. Trop Anim Health Prod 1984, 16:149-152. 

42. Uilenberg G: Theilerial species of domestic livestock. In Advances in the 
Control ofTheileriosis. Edited by Irvin AD, Cunningham MP, Young AS. 
The Hague: Martinus Nijhoff Publishers; 1981:4-37. 

43. Hoogstraal H, African Ixodidae I: Ticks of the Sudan (with special reference to 
Equatorial Province and with Preliminary Reviews of the Genera Boophilus, 
Margaroups, and Hyalomma). Washington, DC: US Government Department 
of Navy, Bureau of Medicine and Surgery; 1956. 

44. Norval RAI: The ticks of Zimbabwe. IV. The genus Hyalomma. Zimbabwe 
VetJ]982, 13:2-10. 

45. Van Niekerk J, Fourie LJ, Horak IG: Birds as hosts of immature ixodid ticks in 
Free State Province, South Africa. Onderstepoort J Vet Res 2006, 73:123-130. 

46. Potgieter FT: Epizootiology and control of anaplasmosis in South Africa. 
J S Afr Vet Assoc 1 979, 504:367-372. 

47. Jongejan F, Morzaria SP, Mustafa OE, Latif AA: Infection rates of Theileria 
annulata in the salivary glands of the tick Hyalomma marginatum 
rufipes. Vet Parasitol 1 983, 1 3:1 21 -1 26. 

48. Blouin EF, van Rensburg L: An ultrastructural study of the development of 
Babesia occultans in the salivary glands of adult Hyalomma marginatum 
rufipes. Onderstepoort J Vet Res 1988, 55:93-100. 

49. Unsworth K: The Ixodid Parasites of Cattle in Nigeria, with particular 
reference to the Northern Territories. Ann Trop Med Parasit 1 952, 
46:331-336. 

50. Norval RAI, Mason CA: The ticks of Zimbabwe II. The life cycle, 
distribution and hosts of Rhipicephalus simus Koch, 1844. Zimbabwe Vet J 

1981, 12:2-9. 

51 . Potgieter FT, van Rensburg L: Tick transmission of Anaplasma centrale. 
Onderstepoort J Vet Res 1 987, 54:5-7. 

52. Potgieter FT, Kocan KM, McNew RW, Ewing SA: Demonstration of colonies 
of Anaplasma marginale in the midgut of Rhipicephalus simus. Am J Vet 
Res 1983, 44:2256-2261. 

53. Ouhelli H, Pandey VS: Prevalence of Cattle ticks in Morocco. Trop Anim 
Health Prod 1982, 14:151-154. 

54. James-Rugu NN, Jidayi S: A survey on the ectoparasites of some livestock 
from some areas of Borno and Yobe States. NVJ 2004, 25:48-55. 

55. Obadiah HI, Shekaro A: Survey of Tick Infestation in Cattle in Zaria 
Abattoir, Nigeria. J Vet Adv 2012, 2:81-87. 

56. Dantas-Torres F: Biology and ecology of the brown dog tick, 
Rhipicephalus sanguineus. Parasit Vectors 2010, 3:26. 



Lorusso et al. Parasites & Vectors 201 3, 6:1 71 
http://www.parasitesandvectors.eom/content/6/1/171 



Page 10 of 10 



57. Morel PC, Vassiliades G: Les Rhipicephalus du groupe sanguineus: especes 
africaines (Acariens, Ixodoidea). Rec Elev Med vet Pays Trop 1962, 
15:343-386. Article in French. 

58. Dantas-Torres F: The brown dog tick, Rhipicephalus sanguineus (Latreille, 
1806) (Acari: Ixodidae): from taxonomy to control. Vet Porositol 2008, 
152:173-185. 

59. Walker JB, Keirans JE, Pegram RG, Clifford CM: Clarification of the status of 
Rhipicephalus tricuspis Donitz, 1906 and Rhipicephalus lunulatus 
Neumann, 1907 (Ixodoidea, Ixodidae). Syst Parasitol 1988, 12:159-186. 

60. Norval RAI, Tebele N: The ticks of Zimbabwe. V. Rhipicephalus lunulatus 
and Rhipicephalus tricuspis. Zimbabwe Vet J 1983, 13:38-46. 

61. Kaiser MN, Sutherst RW, Bourne AS, Gorissen L, Floyd RB: Population 
dynamics of ticks on Ankole cattle in five ecological zones in Burundi 
and strategies for their control. Prev Vet Med 1988, 6:199-222. 

62. Tatchell RJ, Easton E: Tick (Acari: Ixodidae) ecological studies in Tanzania. 
Bull Entomol Res 1 986, 76:229-246. 

63. Bossena F, Abdu M: Survey on the Distribution of Tick Species in and 
Around Assosa Town, Ethiopia. Res Vet Sci 2012, 5:32-41. 

64. Asrate S, Yalew A: Prevalence of cattle tick infestation in and around 
Haramaya district, Eastern Ethiopia. JVMAH 2012, 4:84-88. 

65. Lorusso V, Dantas-Torres F, Lia RP, Tarallo VD, Mencke N, Capelli G, Otranto 
D: Seasonal dynamics of the brown dog tick, Rhipicephalus sanguineus, 
on a confined dog population in Italy. Med Vet Entomol 2010, 24:309-315. 

66. Norval RAI, Rechav Y: An assembly pheromone and its perception in the 
tick Amblyomma variegatum (Acarina: Ixodidae). J Med Entomol 1979, 
16:507-511. 

67. Yousfi-Monod R: Evolution annuelle de la sex ratio de Rhipicephalus 
sanguineus (Acarina, Ixodidae) en zone urbaine de I'ouest Algerien. 

Acorology 1 985, 26:361-365. Article in French. 

68. Jongejan F, Zivkovic D, Pegram RG, Tatchell RJ, Fison T, Latif AA, Paine G: 
Ticks (Acari: Ixodidae) of the Blue and White Nile ecosystems in the 
Sudan with particular reference to the Rhipicephalus sanguineus group. 
Exp Appl Acarol 1 987, 3:331-346. 

69. Marufu MC, Chimonyo M, Mapiye C, Dzama K: Tick loads in cattle raised 
on sweet and sour rangelands in the low-input farming areas of South 
Africa. Trop Anim Health Prod 201 1, 43:307-313. 

70. James-Rugu NN, Iwuala MOE: Ectoparasites of some domestic animals on 
the Jos Plateau. Nigeria Sci Forum 2000, 5:146-156. 

71. Wikel SK, Bergman D: Tick-host immunology: Significant advances and 
challenging opportunities. Parasitol Today 1997, 13:383-389. 

72. Fivaz BH, de Waal DT: Towards strategic control of ticks in the eastern 
Cape Province of South Africa. Trop Anim Health Prod 1993, 25:131-143. 

73. Mooring MS, Benjamin JE, Harte CR, Herzog NB: Testing the interspecific 
body size principle in ungulates: the smaller they come, the harder they 
groom. Anim Behav 2000, 60:35-45. 

74. Coleman PG, Peery BD, Woolhouse ME: Endemic stability-a veterinary 
idea applied to human public health. Lancet 2001, 357:1284-1286. 



doi:1 0.1 1 86/1 756-3305-6-1 71 

Cite this article as: Lorusso et al:. Ixodid ticks of traditionally managed 
cattle in central Nigeria: where Rhipicephalus {Boophilus) microplus does 
not dare (yet?). Parasites & Vectors 2013 6:171. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit \^ «««"™a central 



